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testedfor Pakistanand it is concludedthat the observednegativeor positive
correlationsbetweenlandproductivityandthefarmsizein thecaseof Pakistanare
the resultof over-aggregation.Land productivitycurveis U-shaped;theproduct-
ivity is highon desperatelysmallfarmsdueto intensivelabourandirrigationuse




nexus,landis theprimaryfactorof productionwhichdeterminesaccessto other
factors.Thisbiasis reflectedin thevaryinguseandcombinationsof inputsacross
farmsize- that is differingtechnology.Debatefocussesaroundthequestion:
doesproductivitythenvaryinaccordancewiththepre-eminentfactor,farmsize.
The questionacquiresimportancefor underdevelopedcountriesespecially,
(as seenby theconsiderableliteratureon thetopic)sincemostempiricalstudies
beganshowingthatsmallerfarmsusingtheirgreateravailabilityof familylabour
weremoreproductive.Sincea criticaldemandfor foodnecessitatesa rationalre-






productivityandfarmsize[9]. In thispaper,usinga largerdata-base,weobtaina
verydifferentsetof resultsfor the19districtsof thePunjab. In doingthis,we
alsotrytoexplainthespeciousnessofKhan'stests.
*The authorsareResearchEconomistsat thePakistanInstituteof DevelopmentEconomics,
Islamabad(Pakistan).They would like to thankKalbeAbbasandAsmatFatimafor tabulating
and codinga largeproportionof the data;Rafiq Safdarfor typingout the manuscript;and
finally,ShehzadLatif Mianwithwhomtheyheldnumerousdiscussionsoverteaandt -tests.
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broughtoutby a numberof farm-managementstudiescarriedoutin Indiain the
mid-'50s. Smallfarmsappearedtobeusingmoreintensiveinputsperacreandhad
a higheroutputperacre. Thisrancontraryto theexpectationthatdifferential
accessto inputsandinformationshouldresultin a loweroutputperacrefor the
smallerfarms.
The ex-postrationaleprovidedfor thiswasthat farmersweremaximising





levelof useof capitalinputs,like seeds,fertilizer,pesticides,andtractorsis very
largelycontingentuponirrigation[10]. Thecausalrelationshipin effectdepends
uponthreemajorfactors:
-- - - ImputedCosts of
Family Labour
Marginal Product of Labour















Themarginalproductivityof labourin generalwasfoundto behigherthan
thewagerate[2;9]. Further,therurallabourmarketis dividedbetweenfamily
labourandhiredlabour. Theimplicitwageratesof theformerarefoundto be
lowerthanthewageratesof thelatter[2;"3;11and12].
This dualityis preservedby institutionalrestrictions(likethereluctanceof
womenandchildrento join the labourmarket)and,moreimportantly,by the
indivisibilityof labourdemand,especiallyatharvestingandsowing,whenfull time
hired labour can be controlledbetterthan part-timehiredlabour,sincepart-time
labourhasits own cultivationdemands.So smallfarmershavea cheaperinput
whoseusetheycanmaximise.Figure1 illustratesthecompulsionof smallfarmers















small fragments,thusforcingthe latterto cultivateintensivelyand maximise
returnsand,hence,thelandlords'hare.
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CroppingIntensity
The coincidenceof higherusesof both labourandirrigationlevelsona partic-





The mainargumentagainstenancyis thatsincesomeproportionof the
tenant'soutputis 'taxed'by the landlord,the tenant'svalueof themarginal
productliesbelowthatof theland-owners.Givenequalcosts,theprofit-maximis-
ingtenantwill equatehiscoststo hismarginalproductat a lowerlevelof inputs
thantheland-ownersasis shownin Fig.2,whereowners'useof inputequallingOF
exceedssignificantlythatof thetenantsequallyingOE. Therefore,outputperacre




and productivityfor Bangladesh.Bardhan[2], BhagwatiandChakravarti[1],
Bharadwaj[3],andBhattacharyaandSaini[4] showaweaker,thoughstillnegative,
correlationfor Indianfarms. Khan [9] alone,fromamongstthesampleof the
literaturesurveyed,showsa positiverelationshipfor Pakistan. The differing










AC = Tenants marginal
0 D= Input price
Thus
0 F= Owners Input use
0 E= Tenants Input use
product














E F A Variable
Input
EvidenceforPakistan
Khan [9], contraryto all otherareastudies,findsthatlargefarms(over25








for theWestPunjab.However,a biasmustbenotedin Khan'sdataset:allthe732
Fig.2













inputvariationtest,it becomesdifficultto provethatdueto capital/laboursubsti-
tutionpossibility,apositiveproductivityeffectisbeingevidencedacrossfarmsize.
THE DATA AND THE VARIABLES
For thisstudy,werelyprimarilyontwoof thelargestavailablesourcesofagri-
culturaldatainPakistan,viz.theAgriculturalCensusfortheyear1972andtheRural
CreditSurveyfor the sameyear. Theformeris theonlyorganisedinstitutional
attemptatgatheringinformationontheruralsectordecennially.Althoughextensive





Unfortunately,we haveonly aggregateinformationfor 19 districtsof the
Punjabandfor fivefarmsizeswithinthesedistricts.So,foreachfarmsizewehave
districtaggregates.Thelossof disaggregationthereforeis adrawback.Ideally,one
wouldhavewantedto pullouta sampleof individualobservationsfromtheselarge
datasources,andsubjectedthattoacloserexamination.
For thepresentexercise,however,wehaveenoughinformationfromthetwo



























(a) As a simpleaggregateof thenumberof familyworkers
over10yearsandpermanentlyhiredworkers,perculti-
vatedacre.
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4. 25- 50acres Wewillbeusingavariantof thestandardCobb-Douglasproductionfunction,
wherethevalueof totaloutputis regressedontheperacreusageof inputsandthe
cultivatedacreage.5. > 50acres




In Y = a + al In XI + :2: ai In ~ + u.
0 i-2 X 1- 1
where
(a) < 30% - Rawalpindi, Campbellpur(now Attock),
Jhelum,Mianwali.
Y = Valueof totaloutput
X =I land
(b) 30%to 60%Multan,DeraGhaziKhan,Bahawalpur,
Bahawalnagar,RahimYarKhan. X2 . .. Xnareallotherinputs
(c) > 60 % - Gujrat,Sargodha,Jhang,Lyallpur,Lahore,
Sheikhupura, Gujranwala, Sialkot, Sahiwal,
Muzaffargarh.




are randomerrorswhich are expectedto be independently
distributedwithazeroexpectationandconstantvariance.
The landvariable(XI) is usedto capturethescaleeffects.Thevalueof theco-
efficientof thelandvariablethereforemeasuresthereturnstoscale.
Often,in themeasureof productivity,croppedacreageis usedin thedenomi-
nator. If smallfarms,asgenerallyobserved,tendtocropmoreintensively,thensuch





























Wewill beusinga two-stageargumentto determinethecausalityofproducti-
vitydifferentials.Firstly,wewill useproductionfunctionsto estimatetheimpor-
tanceor prioritythatdifferentvariableshavein determiningoutputfor eachfarm
size. Secondly,wewill try to determinexactinputuseacrossfarmsizethrough
simplelog-linearregressions.Complementaritybetweenimpactandusageshould
providesome xplanationfordifferencesinoutputperacrebetweenfarmsizes.
Ys C + I Xs s s
Y1 = CI + 11XI
whereYsandYI aretheoutputsof smallandlargefarmsrespectively,andXs and
XI arethevectorsof inputsusedatsmallandlargefarms.Thefarmswilldifferin
















As is obviousby now,ouranalysisuffersfromitsbeingin groupedform.
Theproblemathandislikelyto behandledbestwithindividualdata.If anything,
ourstudycanonlyunderlinetheneedforadeeperanalysisbasedonindividualdata.
Censusdatain thecountryarenormallynot thebestin quality.Thusany
doubtson thequalityof thedataarealsolikelyto reflectontheresultsofourana-
lysis. Becauseof thisdoubtabouthequalityof thedata,wehavetriednottopush




theevidencefor landproductivityin thePunjab,anditscomponents.In thesecond
part,we will analyzeinput/outputrelationships,estimatingproductionfunctions,

















(1) (2) (3) (4) (5)
1. Rawalpindi 137.18 103.97 62.55 93.18 490.53
2. Campbellpur 139.22 99.40 43.03 65.23 45.67
3. Jhelum 44.60 61.85 33.18 60.76 91.13
4. Gujrat 218.17 239.87 197.07 179.18 289.32
5. Sargodha 191.22 293.86 130.64 126.08 116.78
6. Mianwali 81.18 130.32 97.91 75.98 36.39
7. Jhang 240.97 312.95 81.82 150.45 351.12
8. Lyallpur 848.37 745.21 221.39 520.00 792.38
9. Lahore 232.21 323.48 141.04 235.67 290.95
10. Sheikhupura 449.03 404.73 195.24 243.88 290.54
11. Gujranwala 418.32 360.65 193.30 299.56 466.49
12. Sialkot 225.20 267.Dl 211.04 264.29 266.95
13. Multan 620.03 609.18 211.92 357.45 394.60
14. Sahiwal 393.97 541.91 157.77 424.96 3058.32
15. Muzaffargarh 166.55 215.68 78.26 105.73 151.00
16. DeraGhaziKhan 92.99 208.57 108.46 173.44 212.06
17. Bahawalpur 351.78 541.32 190.25 199.79 311.42
18. Bahawalnagar 294.88 341.57 127.21 196.49 125.25
19. RahimYarKhan 282.20 470.24 213.07 351.69 309.97
Source:TheRuralCreditSurveycarriedoutby theStateBankof Pakistanin 1973,currently
beingpreparedfor publicationwith thecollaborationof thePakistanInstituteof
DevelopmentEconomics,Islamabad.
*TheFarmsizesgiveninthistablerepresentthefollowingareas:
(1) = 1.0 - 5.0acres,
(2) = 5.0- 12.5acres,
(3) = 12.5- 25.0acres,
(4) = 25.0- 50..0acres,and











The valuesin eachbox representhe numberof observations.A X2 (chi-squared)
valueof 18.09showsthe significanceof the observedpatternat a 0.975-levelof
probability.
Finally, to confirmthe U shapeof theproductivitycurve,we decreasedthe
numberof farm-sizecategoriesto three:smallfarms(lessthan 12.5acres)medium
farms(between12.5and 50.0acres),andthelargefarms(over50.0acres)(Table3).
Sincewewishto showthat















Category (1) (2) (3) (4) (5)
Low 7 4 15 11 6 43
Medium 8 9 4 6 9 36
High 4 6 0 2 4 16








1. Rawalpindi 120.58 77.87 490.53
2. Campbellpur 119.31 54.13 45.67
3. Jhelum 53.23 46.97 91.13
4. Gujrat 229.02 188.13 289.32
5. Sargodha 242.54 128.36 116.78
6. Mianwali 105.75 86.95 36.39
7. Jhang 276.96 116.14 351.12
8. Lyallpur 796.79 370.70 792.38
9. Lahore 277.85 188.36 290.95
10. Sheikhupura 426.88 219.56 290.54
11. Gujranwala 389.49 246.43 466.49
12. Sialkot 246.11 237.67 266.95
13. Multan 614.61 284.69 394.06
14. Sahiwal 467.94 291.37 3058.32
15. Muzaffargarh 191.12 92.00 151.00
16. DeraGhaziKhan 150.78 140.95 212.06
17. Bahawalpur 446.55 195.02 311.42
18. Bahawalnagar 318.23 161.85 125.25
19. RahimYar Khan 376.22 282.38 309.97
B. Differencesof MeansTestacrossFarmSize
Statisticsrelatingto Small& Small& Medium&
FarmOutput Medium Large Large
Meanof theoutput 128.44 - 118.31 - 246.39
StandardDeviation 113.81 612.7 624.59
t - Ratios 4.92 -0.84 -1.72
Significancelevel (.001) (.5) (.05)
Degreesof Freedom 18 18 18
Smalland Mediumand Smalland
MediumFarms LargeFarms LargeFarms
t-value 4.92 -1.72 -0.84
Levelof












that is Output/CroppedAcre. The productivitypercroppedacreis reportedin
Tables4 and5. Thepair-wisedifferenceof themeanstestisreportedbelow:
The differencebetweentheproductivitiesof smallandmediumfarmsand
thoseof mediumandlargefarmsremains,butthet-ratiofor smallandlargefarms











status. It canbearguedthatin comparingproductivitydifferentials,thecropping
patternshouldnotbe controlled,sinceit reflectsthesocialchoice/compulsionto




Table6 showsthattheproportionof areaunderwheatandricetendsto fall
slightlyasthefarmsizeincreases.Conversely,theproportionof areaunderthe
majorcrop,cotton,onthelargestfarmsisalmostdoublethatonthesmallestfarms.










Q. is outputof theith crop
p,l is priceof theith crop,and
C. is croppedareaundertheith crop.I
Smalland Smalland Mediumand
MediumFarms LargeFarms LargeFarms
t-Ratios 4.39 -1.13 - 1.83







(1) (2) (3) (4) (5)
1. Rawalpindi 105.64 96.12 60.00 96.45 620.19
2. Campbellpur 113.71 94.05 44.31 69.58 48.24
3. Jhelum 44.57 61.83 35.41 66.97 97.27
4. Gujrat 177.77 210.00 179.36 168.11 279.47
5. Sargodha 154.72 256.05 117.91 117.24 112.39
6. Mianwali 76.12 125.03 95.04 76.82 37.17
7. Jhang 194.22 278.32 77.78 148.43 339.74
8. Lyallpur 668.53 613.53 188.40 446.70 689.21
9. Lahore 156.16 242.27 110.65 191.55 226.04
10. Sheikhupura 290.68 280.90 146.15 185.05 243.20
11. Gujranwala 274.35 247.22 139.59 227.18 361.98
12. Sialkot 157.59 202.17 160.08 212.08 202.04
13. Multan 491.87 526.22 192.35 326.92 374.32
14. Sahiwal 298.86 444.29 137.16 380.00 2695.27
15. Muzaffargarh 139.07 194.12 72.68 102.28 156.21
16. DeraGhaziKhan 88.28 208.76 116.76 197.42 248.46
17. Bahawalpur 292.06 492.07 175.24 196.96 308.17
18. Bahawalnagar 261.09 324.08 125.11 203.31 127.32
19. RahimYarKhan 242.06 429.49 203.40 337.47 309.70
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Table 6
CroppingPatternin thePunjab: MeanArea UnderEach Crop
asPercentageof Total CroppedAreaain theFarmSizeCategory
Source:Sameasfor Table1.
aThetotal croppedareausedfor this tableis netof pulses,foddercrops,andorchards,
resultingin thehighcropproportions.
°Farm Sizesarethesameasgivenin Table1.
proportionof foodcropsgrownacrossfarmsizefor thefull sampleof 19districts,
butthedifferencesturnouttobeinsignificant.
Wethenperformedachi-squaret st,basedonthesamplemeansof 19districts
shownin Table6, for theareaproportionsof all thesevencrops.TheX2valueof
13.52with 24 degreesof freedomwasalsofoundto betotallyinsignificant;i.e.
theproportionof areaundereachcropdid not seemto varywiththefarmsize.














returnto eachgroupof farmers.So,forthepurposeof thisanalysis,wewillassume






Districts Small Medium Large
Farms Farms Farms
1. Rawalpindi 100.88 78.45 620.19
2. Campbellpur 103.88 56.95 48.24
3. Jhelum 53.02 51.19 97.27
4. Gujrat 193.89 173.74 279.47
5. Sargodha 205.39 117.58 112.39
6. Mianwali 100.71 86.11 37.17
7. Jhang 236.27 113.11 339.74
8. Lyallpur 641.03 317.55 689.21
9. Lahore 199.22 151.0I 226.04
10. Sheikhupura 285.79 165.06 243.20
11. Gujranwala 260.79 183.39 361.98
12. Sialkot 179.88 186.44 202.04
13. Multan 509.05 258.14 374.32
14. Sahiwal 371.58 258.58 2695.27
15. Muzaffargarh 166.91 87.48 156.21
16. DeraGhaziKhan 148.52 157.09 248.46
17. Bahawalpur 392.07 186m 303.17
18. Bahawalnagar 293.35 164.21 127.32
19. RahimYarKhan 335.78 270.44 309.70-
B. DifferencesofMeansTestacrossFannSize
Statisticsrelatingto Small& Small& Medium&
FarmOutput MediumFarmsLargeFarms LargeFarms
Meanof theoutput 90.26 - 141.77 - 232.03
StandardDeviation 89.54 547.88 552.79
t- Ratios 4.39 - 1.13 - 1.83
Significancel vel (.001) ( .5) (.05)
Degreesof Freedom 18 18 18
Source:TheRuralCreditSurveycarriedoutbytheStateBankof Pakistan,1973,currently




Wheat CottonRice Maize TobaccoOilseedsSugar-caneTotal
1 62.5 18.5 8.0 5.0 0.4 1.0 4.5 =100
2 60.6 22.8 8.1 2.4 0.3 1.7 4.1 =100
3 62.0 22.2 8.2 1.5 0.2 2.4 3.5 =100
4 61.4 23.5 7.2 1.4 0.2 3.1 3.2 =100
5 54.8 33.7 6.2 1.0 0.1 2.2 2.0 =100
Farm SizeandProductivityRevisited 169
168 MahmoodandNadeem-ul-Haque
II 0'> N 0 0'>
~ I""! ~ q ~
"" "" '<t .....
.,., 0 .,., .....
.....
N "" ""
N 00 0'> 00 0'>
t::.:: 000 0
~..,§.., oot::' .aooG;'
> bOoj .~ "" '<t "" <,Q
-(oj~<n 00 0"'<'-' '-'
P.. ~>. 00;::;' '<I"M'









.. , =.., '<t'<l" N,-,
~ s~~~ ~~ ~""!
~ '<=' U";<.1:: o~ o~
t:=' ~,-, '-'
~ Po. ~ "".....
c.j ... ~ q~- =' <n 08- 0~"-<
'- 0 ~'" '<1",-,"" Q) ""~ ~~
Ii:: =' -0 00
.g ca ,-,
r- > 0 ""00
Ii:: '" ~.. q~
Q) ;:! .. .8 0 0
:b ~ ~ E-o '-'
'" 1i::.&:J
E-< .$;1 .~t '" !3 N SO' ~ <,Q;::;' .000SO'
;:! > 0 ""0 NOO .,.,,,,, '<I"<,Q
~ ~ ~ 0"'< 00 o~ o~c ~ '-' '-' '-' '-'~ ~ ~~oj M'
~ = 1::..,'" ..........
1; 8.. ~~< od,~ Q) .
~O -=,-, .0,-,.0 .,.,
!>() '-' .,!,.. =s '<1"00 """" N,-, 0'>
..." .., 0 0'> 0 "" N '<I" <,Q '"
-- tN' . ..., ....
~ ~:::i e 0.,., o~ 0'<1" ..,
-( '-' I I is.
+ t::' '-' e
~~=~~~~g m
=.g"''''=S''' 00 :a.ojE-o~<U< 00 ~~U I I .., &')
'-' ..c::"'"
,~ ,-,.0,-,.0""""
~~"=a1 <,Q"" N.,., r--,-, "=8,~~ 000 NO'> ,., 0
- !.'L<U <>:; 00 0M 0 <"i ':;; t
'-' '-' '-' = p,
0 .
. ~ .0,-,.0.0:;:0
~-g.., ~~ ~~ ~;::;' ~.....
8~< OM o~ o~ ~~
0 0 0.0:;::
0 oj
-= ,-, .0,-, ,-, ,-,~....
~ ~~ ~~ ~~ ~~ o~= """" t....
0 NN '<1"'<1"""'0 N ,c
ejU '-' '-' '-' '-' =s.
~ = 0 . . . . :!-.a<n
$BZ N "" '<I"












Table7 showstheestimatesof thefull sampleaggregateproductionfunction.
Tables8and9 presenttheresultsof theseparateproductionfunctionscorresponding
toeachfarmsize.











andstronglysignificant,andfor FarmSize5, thesignificancedwindlesbut the
coefficientremainspositive.In otherwords,tractorsappeartoaffectoutputonlyon
the largerfarms,to supplementlabour. Theuseof bullocksbecomesrelatively
significantforthesecondandfourthfarmsizes.
Seemingly,this combinationof variablesdoesnot providea veryadequate
explanationof productionbehaviouracrossfarmsize.
For Equation2 in Table7 andEquations6-10 in Table8,weusedanalter-




districtsof the NorthernPunjab,andthe southernbeltof semi-baranidistricts.
Dummies1 and2 representtheNorthandSouthperipheraldistrictsrespectively,




































































0.31 - 0.03 - 0.064 - 0.05
(0.26)(- 0.35)(- 1.01)(- 0.1)
-0.96 - 0.008
(- 0.09) (- 0.12)
0.93 - 0.11
(1.07) (- 1.35)
0.05 - 0.02 0.74 - 0.08
























0.2 - 1.18b 0.34 0.93 21.589
(0.96) (- 2.35) (1.59)
0.15b --0.31 0.31b 0.97 49.296




















1.6 0.88b - 0.68b
(0.53) (3.35) (- 2.17)
1.33 1.l3b - 0.005

































0.87b - 0.02 - 0.14 0.96 37.41
(7.86) (- 0.06)(- 0.75)





















8 3 5.66 0.64b -0.16 0.36b - 2.55
(1.65) (2.95) (- 0.83) (1.78) (- 0.5)
9 4 2.38 0.91b - 0.19 0.44b 0.16
(1.03) (7.21) (- 0.86) (2.1) (0.3)
10 5 9.5b 0.89b 0.56b - 0.56b 0.02
(3.24) (7..79) (2.14) (- 2.11) (0.05)
0.25 0.004 0.2 0.93 20.851
(1.0) (0.999) (1.25)
0.23 0.1 0.3b 0.95 29433
(1.65) (0.24) (1.79)







andinsignificantfor themiddlethree.For thelargestfarmsize(> 50acres)irriga-
tionisbothpositiveandsignificantwhichmeansthatboththeavailabilityofwater
anditsusehavea considerableimpacton output. Sincein furtherspecifications
thisirrigationvariablestabilizes,toa positiveandsignificantformforallfarmsizes,
wecanonlydeducethattheequationin itspresentformisinadequatelyspecified




significantfor thelargerfarmsizes,andits effecton outputappearsto bemuch
greater.(Comparing,say,thesecondfarmsizewiththefourthandfifth,theBco-
efficientsfor the lattertwo arehigher.) Dummy1 appearsto besignificantly
negativeonlyforthesmallerfarmsizes- i.e.intheseariddistrictsthesmallerfarms'













Equations3 and4 in Table7 andEquationsI-lOin Table9showtheresults
of thenewspecifications.LookingatEquation3,firstofall,wenotethatthestand-
ardinputsareallsignificantandhavetheexpectedsigns.Theproportionof thearea
leasedin to thetotalfarmareais negativebutnotsignificant.Fragmentsperacre
appearpositiveandinsignificant.So,thesetwovariablesdonotappeartohaveany
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Equation4 in Table7 is similarto Equation3,withtheadditionof current
expenditure.This variable,again,is highlysignificant,andrendersthefertilizer
variablenegative.Thetenurialproxynowalsobecomespositive,butremainsinsignif-
icant. For additionalinformation,wecannowturnto thefarmsizeproduction
functionsinTable9.
Thecoefficientsof cultivatedareaareall positiveandhighlysignificantfor




efficientfor a significantdifferencefrom1 showsthatfor Equations1-5, only
farmsover50acresareexperiencingincreasingreturnsto scale,andfor Equations
6-10, only Size3 (Le. 12.5-25acres)is experiencingdecreasingreturnsto scale.
The remainingfarmsizesareoperatingonconstantreturnsto scale.Thisapparent
instabilityin theresultsis dueto theexpenditurevariable.Priortoitsinclusion,for
Equations1-5, itsimpactonoutputis affectedthroughotherinputs,andresultsin
theincreasedefficiencyfor thelargestfarmers.Moreover,themiddle-farmsize,Le.
No.3, withthehelpof currentexpenditure,alsoshowsconstantreturnsto scale.
Afteraddingtheexpenditurevariable,andthuscontrollingfor it, FarmSize5loses
its advantageanddropsbackto constantreturns,whileFarmSize3 dropsfurther
down to significantlydecreasingreturnsto scale. It mustalsobe notedthat
significancel velsfor currentexpenditurearethehighestforpreciselythosetwosets
of farmswhoselandelasticitieschangesoradically.
Therefore,usingthe moreappropriatelydefinedset of equations(Nos.
6-10), the enigmaticproductionbehaviourof Farm Size 3 posesitself. In
Equation8,all theexplanatoryvariables,besidesfertilizerandlabour,havepositive
andsignificantelasticitiesandtherearedecreasingreturnstoscale.Sincefertilizeris
renderednegativefor all farmsizes,theexplanationmustlie ineithertheimpactof








To completeour analysisof theremaininginputs,theirrigationvariableis
now positivefor both setsof regressions,viz. Nos.1-5 andNos.6-10, for all
2Whilereturnsto scaleis merelya necessarycriteriafor determiningefficiency,but takenin
conjunctionwith I-productivityinefficiency.thisbecomesa sufficientcondition.
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farmsizes.However,it isnotsignificantforthefirstsetwherecurrentexpenditureis




for thesmallersubsistence-l velfarmers.For thethirdfarmsize,tenurebecomes
positiveatasignificantlevel;Le.farmswithalargerproportionofarealeasedinhave
a higheroutput.Whatseemstobehappeningis thatlargerfarmersareableto use
theadvantagesthataccruetolargerfarmsize,likeeasieraccesstocapitalandabetter
bargainingpositionon themarket,4to outweighthecostof producingonrented
land. Similarly,for FarmSizes4 and5,thefactthatthedisincentiveisnotsignifi-






of thisresultis thatlargerfarmersmustmanageto acquirebetterfragmentsona
marketwhereacquisitionoflandisbiasedagainstthesmallerfarmers.S
For Equations1-5 in Table9, theuseof fertilizeris significantonlyfor the
smallestandlargestfarmsizes,Le. theiruseof fertilizersismoreefficientin com-
binationwith theuseof otherinputs,ascomparedto themiddlerangeof farmers
whosecoefficientsarepositivebut not significant.For Equations6-10, a high







a dichotomybetweensmallandlargefarmsin thecausalfactorsfor higheroutput,
withthelattergroupsclearlynotrelyingoncroppingintensity.
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In effect, what we have determinedthroughthe use of production
functionsisthat
(i) Farm Size 3 operateson decreasingreturnsto scale,while the
smallerandlargerfarmersobtainconstantreturnstoscale;






(v) Theuseof irrigationonsmallerfarmsandof fertilizeronthelargestfarms
ismoreeffectiverelativeto themiddlefarmsizes.
To determinewhetherthe fivefarmsizesoperateon separateproduction
functions,wecarriedouta covariance-of-coefficientsanalysis.Additivefarmsize
dummieswereusedto pick up thosestructuraldifferencesbetweenproduction
functionswhichwerenot causedby any of the inputvariablesincludedin the
analysis.Andmultiplicativefarmsizedummieswereusedtoisolatethecausalinputs
responsiblefordifferingfactorelasticitiesa wellasintercepts.
Y =a + aD+ <1>'x + r' DX + U0 I
where
3In orderto explainthis further,weranonemoresetof regressionsin which theaggregate
irrigationvariablewasdroppedfor two separatevariablesof tubewellsirrigatedareaandcanal
irrigatedareaproportions.(SeeAppendixTable7).
4If nothing else,just storageand transportproblems,the urgentneedfor liquidity, or
previouslymortgagedcropscompellsmallerfarmersto sell their crop at once,at the going,
depressedharvestimerates.
sTable7 showssimilarresultsfor bothtenureandfragmentation.





x (J X 1)
'Y(41X 1)
DX (41X 1)





= thevectorof thecoefficientsof (41X1) multiplicative
dummies(Le. eachof the4 dummiesmultipliedby
eachof the1inputs);and
- thevectorof (41X1)multiplicativedummies.








































































































































impacton output)fromthe landvariableof the first farmsizewasnegligible.
Similarly,irrigationappearedinsignificantthoughnegativefor thethreelargerfarm
sizes. Fertilizer,in fact,is theonlysignificantvariablein thisexercisethatputs
FarmSizes4 and5 ontohigherproductionfunctions.Useof labourismarginally
significantfor farmslessthan50.0acres.Croppingintensityis totallyinsignificant
butnegativeforfarmsover50.0acres.Theexpendituresultisthemostinteresting
in that its marginalproductivityseemsto decreasefor the largerfarms,and
significantlysoforthemiddlerangeof 25-50acres.
Thus,inter-farmdifferentialsin themarginalproductivitiesof themaininputs
seemto showthatFarmSizes1,2 and3 operateonthesameproductionfunction,
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'Y(2Jxl) =thevectorofthecoefficientsof(2Jxl) multiplicativedummies;
and







Size Coefficients t-ratiosIn Table11,aand<IJnowrepresentFarmSizes1 and2. Theproductivityof



















































































farmsizein a log-linearform. Table12reportstheresults.In testingthestandard
hypothesesof a linearlynegativerelationshipbetweenfarmsizeandoutputper
cultivatedacre,wefoundthataweaknegativecorrelationdoesexist.Thisresultisin

















theR2 still remainsverylow. Our intuitiveexplanationis thatregionalvariation
withineachfarm-sizerangeaccountsfortheloosefit. Thisresultinanycaseisin
contrasto thatof Khan[9] whosimplyusestwofarmsizedummies« 25acres
and> 25acres)to showthatlargefarmsare8 percentmoreproductivethansmall
farms.




1. Additivedummiescanbe usedto inferlandproductivitydifferentials
only if equivalentunits of land areassumedunderthe production
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2. Theresultof definingjusttwodummies« 25and>25acres)leadsto
anover-aggregationproblem.Thethirdfarmsize (12.5-25 acres)is
incorrectlycategorizedwith Farm Sizes1 and 2, whenthe latter's
productivityperformance(accordingto our analysisandour data)is








ential. However,thisexerciseis renderedinvalidby thefactthatland
cannotbeheldconstantif mutuallyexclusivelanddummiesarebeingused.














































0.54b - 0.73b 0.97 3263.0
(15.68) (- 57.8)
0.56b - 0.82b 0.97 3343.0
(14.61) (-57.8)
- 10.47b 1.03b 0.34 48.7
(26.26) (6.98)
- 0.16b - 0.73b 0.84 489.0
(-,-1.79) (- 2.21)
- 9.21b 1.59b 0.61 142.9
(- 29.72) (11.95)




IndependentVariables Co -efficients t-statistics
Constant 4.47
FarmSize O.17a - 3.16
Canal+TubewellArea/CultivatedArea 0.03a 2.89
FertilizedArea 0.09a 5.99
Labour - O.12a - 1.85
Tractors 0.02a 2.9
Bullocks - 0.05 - 1.39
Seeds - 0.0005 - 0.07
AreaLeased O.07a 2.33










Table14 showsthe resultsof regressingcroppingintensityon thevarious
inputs.Farmsizehereshowsaverystrongnegativecorrelationtocroppingintensity,


















DependentVariable ConstantFarmSize R2 FNo.
1. WheatOutput/CroppedAcre 2.41a 0.02 0.011 0.102
(18.53) (0.32) -
2. CottonOutput/CroppedAcre 1.65a 0.1a 0.047 4.628
(12.74) (2.15)
3. RiceOutput/CroppedAcre 2.33a -0.01 0.00 0.019
(11.6) (- 0.14)
4. MaizeOutput/CroppedAcre 1.45a O.22a 0.05 4.905
(5.32) (2.21)
5. TobaccoOutput/CroppedAcre 2.02a 0.02 0.004 0.036
(7.51) (0.19)
6. OilseedOutput/CroppedAcre 1.67a -0.03 0.001 0.118
(6.2) (- 0.34)
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Secondly,thenascententrepreneurialclassof farmersdoesnotappearto be
emergingfrom amongsthe middlerangeof farmsizessincetheirproduction
behaviourseemstobetheleastefficient.Moreover,it is thelargestfarmsizesthat
appearto havethehighestcapitaluse.However,thisisnottoinferthatalloreven
a significantproportionof the largefarmshavebeentransformedintocapitalist
farmssincesuchananalysiswouldrequireatleastsomecomputationof profitand
investmentfunctions.Herewecanonlypointoutthatourresultsimplyonlythe








restrictedto lightervarieties.Thenonlywill a lowercapital/outputratioin the


























for land-capacityutilization,labour and bullock use. The largestfarmers
compensatefor thisprimarilythroughtheuseof capitalequipmentandhigherlevels
of currentinvestment.Differencesin theuseof irrigation(exceptfor themiddle
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Sample Culti- Area Ferti- ping rent
No. Farm Con- vated Leased Frag- lizer Labour1 Inten-Expen- Tube- Canals Trac- Bull- Seeds R2 F ...
Size stant Area In ments Amount sity diture wells tors ocks ::!
1.05b - 0.74 - 0.79b - 0.8b 1.04b O.13b- 0.04
N'
1 - 1.62 - 0.96 1.16 - 0.03 0.7 -0.04 0.98 25.191 '"'"
(- 0.37) AD 127K-2n 1 IA (1.32) (2.16) (1.73K-0.64) (- 0.63) (1.74)(-0.57) ;::I:<.
2 1.49 1.09b - 1.04- 0.07 0.001 - 0.18 0.09b 0.98 20.5932 0.64 0.19 0.08 0.02 1.17-- 0.07 2.
(0.25) (4.4) (- lA) (1.75) (0.002)(- 0.22) (0.65) (0.29) (0.73) (1.71) (0.3) (1.37K-0.82) t:
1.12b
,,'
3 3 -2.78 0.5 1.0 0.03 - 1.01 -0.42 3.22 0.09 0.11 - 0.03 - 0.17 - 0.05 0.96 12.088 q




4 4 15.17 0.36 - 0.18 - 0.17 0.62 - 1.12- 0.03 0.37 - 0.04 0.34 0.12 0.0070.95 8.838
-..
(1.43) (3.17) (0.51)(-0.28) (- 057) (0.55)(-0.65)(-0.08) (1.27)(-0.33) (1.15) (0.1) (0.07) '"I:<.
5 5 1753 1.24b - 0.1 0.19 -0.42 - 0.11 - 2.45 0.97b 0.24 - 0.12 - 0.68b - 0.21 0.0030.98 25.877
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